The use of nanosized titanium dioxide (TiO 2 ) and zinc oxide (ZnO) in the suspension form during treatment makes the recovering and recycling of photocatalysts difficult. Hence, supported photocatalysts are preferred for practical water treatment applications. This study was conducted to investigate the efficiency of calcium alginate (CaAlg) beads that were immobilized with hybrid photocatalysts, TiO 2 /ZnO to form TiO 2 /ZnO-CaAlg. These immobilized beads, with three different mass ratios of TiO 2 :ZnO (1:1, 1:2, and 2:1) were used to remove Cu(II) in aqueous solutions in the presence of ultraviolet light. These beads were subjected to three cycles of photocatalytic treatment with different initial Cu(II) concentrations (10-80 ppm). EDX spectra have confirmed the inclusion of Ti and Zn on the surface of the CaAlg beads. Meanwhile, the surface morphology of the beads as determined using SEM, has indicated differences of before and after the photocatalytic treatment of Cu(II). Among all three, the equivalent mass ratio TiO 2 /ZnO-CaAlg beads have shown the best performance in removing Cu(II) during all three recycling experiments. Those TiO 2 /ZnO-CaAlg beads have also shown consistent removal of Cu, ranging from 7.14-62.0 ppm (first cycle) for initial concentrations of 10-80 ppm. In comparison, bare CaAlg was only able to remove 6.9-48 ppm of similar initial Cu concentrations. Thus, the potential use of TiO 2 /ZnO-CaAlg beads as environmentally friendly composite material can be further extended for heavy metal removal from contaminated water.
Introduction
Heavy metal-laden wastewater has gained considerable attention due to its potential threat to both humans and the environment. Various efforts have been devoted towards removing heavy metals from wastewater. The nondegradable nature and persistency of heavy metal often render physical and chemical approaches ineffective, thus leading to the attenuation of heavy metals in various compartments of the environment. Prevailing wastewater treatment techniques, which include chemical precipitation, coagulation, chlorination, membrane filtration, adsorption, ion-exchange, and electrochemical treatment technologies has somehow been ineffective to completely remove heavy metals from wastewater, which causes secondary issues (Chong et al., 2010) . For example, chlorination produces hazardous byproducts, while chemical precipitation generates large amount of sludge and its disposal causes long-term environmental nuisance (Aziz et al., 2008) . Hence, a simplistic alternative is necessary to either remove or convert heavy metal cations into non-toxic forms, mainly to combat their ceaseless accumulation in the environment.
Photocatalysis employs semiconductors (or photocatalysts), such as titanium dioxide (TiO 2 ) and zinc oxide (ZnO) for the oxidation of various organic compounds. These photocatalysts are able to destroy and mineralize compounds, such as pesticides, phenols, chlorophenols, dyes, and pharmaceuticals to water, CO 2 , and minerals (Zhou et al., 2011; Fenoll et al., 2012; Kanakaraju et al., 2015a; Zhang et al., 2016) . The application of photocatalysis for heavy metals or inorganic species is based on reduction. Metal removal has been reported to be dependent on the standard reduction potential of the metals for the reduction to take place (Kabra et al., 2004) . The properties accounting for the wide use of TiO 2 are its low cost, photostability, commercial availability and low toxicity (Carp et al., 2004) . The band gap energy of anatase TiO 2 is 3.2 eV (Bhatkhande et al., 2001 ). ZnO has a comparable band gap to TiO 2 , which makes it an equally efficient photocatalyst. However, it is viewed less favourably compared to TiO 2 . Indeed, studies have demonstrated ZnO as being a better photocatalyst in photocatalytic degradation compared to TiO 2 due to its broader absorption within the solar spectrum (Sakthivel et al., 2003; Elmolla and Chaudhuri, 2010) .
Numerous studies have reported the application of TiO 2 photocatalysis for the removal of metals from contaminated water (Chen and Ray, 2001; Wang et al., 2004; López-Muñoz et al., 2011; Satyro et al., 2014) . However, studies on ZnOmediated photocatalysis for heavy metal removal are rather limited (Qamar et al., 2011; Singh et al., 2013) . Application of TiO 2 and ZnO in the suspension form is efficient for photocatalytic removal of heavy metal cations. Such an approach however, requires a post recovery method at the end of the treatment process. Post-filtration process and catalyst recycling can be expensive and time consuming. Therefore, supported photocatalysts are more desirable and practical to remove heavy metals as they can be easily separated from the solution after the treatment. Among the solid supports reported thus far include zeolites, chitosan, silica, quartz, activated carbon, fibreglass, and polymer (Kanakaraju et al., 2015b) .
Alginate (Alg), the salt of alginic acid is a natural polymer, which is extracted from brown seaweeds and widely used as a component for entrapment. It is cheap, non-toxic, efficient and often used as a polymeric matrix (Kimling and Caruso, 2012) . The most abundant functional group found in the alginate polymer is the carboxylic groups, which enhances the adsorption of metal ions (Fourest and Volesky, 1995) . Alg is capable of forming stable hydrogels, which can be used as a catalyst support (Papageorgiou et al., 2012) .
Calcium alginate (CaAlg) gel has been chosen in this study because it is effective, low cost, can easily be prepared and has an open lattice structure for the fast diffusion of metal ions (Gopalakannan and Viswanathan, 2015; Kimling and Caruso, 2012) . The feasibility of using CaAlg as the support in the removal of heavy metals and dyes has been reported. A study by Showky (2011) has revealed that a composite of Alg-montmorillonite (clay) material has demonstrated high removal efficiency of Pb. CaAlg encapsulated iron-based nanoparticles (CaAlg-Ni/Fe beads) have increased the removal efficiency of Cu(II) from 83.9% to 86.7% compared to bare Ni/Fe (Kuang et al., 2015) . Additionally, TiO 2 -immobilized Ca-Alg beads were investigated for the degradation of methylene blue (Albarelli et al., 2009) . Their study has revealed that recycled TiO 2 -CalAlg beads were able to enhance the degradation process, due to the increased roughness of the beads upon repeated usage. Another study has revealed that CaAlg polymer fibres have demonstrated high efficiency in removing methyl orange from water (Papageorgiou et al., 2012) . This present study aims to shed new light on the immobilization of hybrid photocatalysts, TiO 2 and ZnO on CaAlg gel for the removal of copper (Cu), the chosen heavy metal cation. Numerous studies have been developing nanocomposite materials as aforementioned. However, to the best of our knowledge, no other studies have dealt with CaAlg beads immobilized with TiO 2 /ZnO mixture for pollutant removal.
Cu has been chosen as the heavy metal cation in the present study owing to several reasons. Cu(II) is one of the major metal cations that can be found in industrial wastewater. Major industrial activities that contributes to the release of Cu(II) include electroplating, paints and dyes, fertilizers, petroleum refining, and chlor-alkali (Shrivastava, 2009) . Cu usually exists in the environment as Cu(II) but can also be found in the form of Cu(I). Cu can cause serious illnesses, such as hematemesis, convulsions, Wilson's disease, and even fatality (Fu and Wang, 2011) .
This study aims to investigate the efficiency of TiO 2 /ZnOCaAlg beads for the removal of Cu(II) in aqueous solution. The effects of initial Cu(II) concentration, molar ratios of TiO 2 /ZnO, initial solution pH, and the recyclability of the TiO 2 /ZnO-CaAlg beads on the amount of Cu(II) removal were investigated.
Materials and methods

Reagents
Alginic acid sodium salt powder (Sigma-Aldrich) and calcium chloride dihydrate, CaCl 2 ·2H 2 O (Ajax Finechem Pty. Ltd.) were used to prepare the CaAlg beads. The photocatalysts; titanium(IV) oxide, anatase powder (99.8% trace metals basis) and zinc oxide were purchased from Sigma-Aldrich and Bendosen, respectively. The copper stock solution was prepared using its metal salt, cupric sulphate, 5-hydrate, CuSO 4 ·5H 2 O (J.T. Baker) by dissolving the desired quantity in deionized water. A stock solution of 1000 ppm was prepared using deionized water. Several initial Cu(II) concentrations (10-80 ppm) were prepared by diluting the required amount of the stock solution. Nitric acid, HNO 3 (Merck & Co.), sodium hydroxide, and NaOH (Systerm) were used to adjust the pH of these solutions.
Preparation of immobilized beads
All preparation procedures for TiO 2 /ZnO-CaAlg were adapted from Albarelli et al. (2009) with slight modifications (Fig. 1) . Firstly, 2% of sodium alginate (NaAlg) solution was continuously stirred overnight. Then, 50 mL of 2% NaAlg solution was mixed with different ratios of TiO 2 /ZnO under continuous stirring at 200 rpm. The mass ratios of TiO 2 /ZnO that were prepared include 1:1 (equivalent), and 2:1 and 1:2 (non-equivalent). The mass of TiO 2 /ZnO for 1:1 ratio was 1.0 g:1.0 g. The mixture comprising of both NaAlg and TiO 2 /ZnO photocatalysts was agitated under continuous stirring for 2 hr. Then, the NaAlg and TiO 2 /ZnO mixture was added drop by drop into a beaker filled with 50 mL of 20.0 g/L of CaCl 2 solution with the aid of a 20 mL syringe and a needle under constant stirring. The falling height of the beads was fixed at 5.5 cm. The resulting TiO 2 /ZnO-CaAlg beads were maintained in the CaCl 2 solution overnight for complete formation and hardening of the gel beads. The resulting beads were washed with distilled water, dried at room temperature for 48 hr, and subsequently used for Cu(II) removal study. Bare CaAlg beads were also prepared as control.
Photocatalytic activity study
Photocatalytic activity of the prepared TiO 2 /ZnO-CaAlg beads was investigated by determining the amount of Cu(II) removed from aqueous solution. All photocatalytic experiments were performed using 20 mL of Cu(II) solution and 1.0 g of air-dried TiO 2 /ZnO-CaAlg beads that were illuminated with a hand-held ultraviolet (UV) lamp (λ = 254 nm). Prior to irradiation, the mixture was allowed to equilibrate in the dark for 30 min under continuous stirring at room temperature. UV irradiation was performed for 2 hr. Samples were collected after equilibrium in the dark (t 0 ) and after 2 hr of UV irradiation (t f ). The solution was separated from the beads by filtration. The concentration of Cu(II) in the supernatant, before and after the photocatalytic experiment, was determined by measuring the absorbance using a Flame Atomic Absorption Spectrophotometer (FAAS) (Perkin Elmer, Model 3110). All photocatalytic experiments were performed in duplicates. The amount of Cu(II) removed and the percentage of Cu(II) removal efficiency were calculated using the following Eqs. (1) and (2):
where C i and C f are the initial and final Cu(II) concentrations, respectively.
To investigate the recyclability of the TiO 2 /ZnO-CaAlg beads after each batch of photocatalytic activity, the beads were filtered from the Cu(II) solution, washed thoroughly with distilled water, dried, and reused again in the next batch of photocatalytic experiment with fresh Cu(II) solution. All photocatalytic experimental conditions were kept constant for the recyclability study. Three cycles were performed using all three ratios of immobilized TiO 2 /ZnO-CaAlg beads. For the pH study, the removal efficiency of Cu(II) using the prepared TiO 2 /ZnO-CaAlg beads was studied under four pH values (3, 5, 7 and 9). The desired pH of the Cu(II) solution was adjusted using either diluted HNO 3 or diluted NaOH.
A dark adsorption study was performed to determine the contribution of adsorption in Cu(II) removal. 1.0 g of TiO 2 / ZnO-CaAlg beads was transferred into a beaker containing 20 mL of Cu(II) solution. The beaker, which was wrapped with aluminium foil, was placed on an orbital shaker and allowed to agitate at 200 r/min for 2 hr. Samples were collected before and after the shaker was turned on. Similar procedures were repeated using bare CaAlg beads. The efficiency of immobilized TiO 2 /ZnO-CaAlg beads was compared with the suspended form of TiO 2 /ZnO (1:1). To prepare the suspended form, 1:1 ratio of TiO 2 and ZnO mixture was added into the Cu(II) solution and sonicated for 30 min. The suspension was irradiated under UV light for 2 hr. Collected samples were centrifuged and filtered. The resulting supernatant was analysed for Cu(II) using the FAAS.
Material characterization
The crystal phases of TiO 2 and ZnO samples were determined with X-ray diffraction (XRD, PaNalytical X'pert Pro) method using Cu Kα radiation (λ = 0.154 nm) in the scanning range of 2θ between 10°and 80°, with a rate of 0.04°per second. The accelerating voltage and applied current were 45 kV and 40 mA, respectively. Scanning electron microscope (SEM) (JSM-5300LV, JOEL Ltd., Tokyo, Japan) was used to investigate the changes of the surface morphology of the TiO 2 /ZnO-CaAlg beads before and after the photocatalytic experiments. Energy dispersive analysis of the X-rays (EDX) was performed using Carl Zeiss Field Emission Scanning Electron Microscope (SUPRA 40 VP) attached with an Oxford INCA Energy 200 EDX to determine the elemental composition in the prepared beads. The measurements were performed at an accelerating voltage of 10 kV under vacuum. Fig. 2 shows XRD pattern of the photocatalysts used in this study. Both ZnO and TiO 2 have displayed strong crystalline peaks. It is clear that the XRD pattern in Fig. 2a corresponds to the typical pure anatase TiO 2 . The existence of strong crystalline peaks at 2θ values of 25.3°, 37.6°, 48.0°, 53.9°and 54.9°, which correspond to the crystal planes of (101), (004), (200), (105), and (211), respectively indicates pure anatase TiO 2 . In Fig. 2b , the crystalline peaks at 2θ values of 31.8°, 34.4°, 36.2°, and 47.5°, corresponding to the crystal planes of (100), (002), (101), and (102), respectively, are indicative of the predominant crystalline phase of ZnO. The acquired SEM images of bare Ca-Alg beads before and after photocatalytic experiments, were compared (Fig. 3) . The freshly prepared bare CaAlg beads were spherical in shape with an average diameter of 623 μm (Fig. 3a) . The surfaces of the bare CaAlg beads were rough but uniform (Fig. 3b) . However, the surface of the bare CaAlg beads became much rougher after being subjected to the photocatalytic removal of Cu(II) (Fig. 3c) . Fig. 4a -c illustrates SEM images of TiO 2 /ZnO-CaAlg beads prepared using TiO 2 :ZnO ratios of 1:1, 1:2, and 2:1, before and after the photocatalytic removal of Cu(II). SEM images of the freshly immobilized TiO 2 /ZnO-CaAlg beads have shown the dispersion of tiny particles on the surface (Fig. 4a-c (before) ). Indeed, EDX results of the immobilized TiO 2 /ZnO-CaAlg beads have confirmed the presence of Zn and Ti, which were absent in the EDX spectra of the bare CaAlg (Fig. 5a, b) . EDX mapping confirmed the distribution of Ti and Zn on the surface of TiO 2 / ZnO-CaAlg beads as shown in Fig. S1 . The average diameters of the TiO 2 /ZnO (1:1), (1:2) and (2:1) Ca-Alg beads, as estimated from the SEM images, were 612 μm, 553 μm and 453 μm, respectively. These average diameter values were comparably smaller to those obtained from the blank CaAlg beads. The incorporation of TiO 2 /ZnO onto the surface of CaAlg may have caused shrinkage, and thus the formation of smaller sized beads. Moreover, it can be observed that the surface morphology of the beads had differed with the different ratios of TiO 2 / ZnO. In TiO 2 /ZnO (1:1), the surface of the beads was uniform, but was noted to be rough, as indicated in Fig. 4a (before). When TiO 2 concentration was much higher than ZnO, the surface of the beads became comparably rougher (Fig. 4c  (before) ). On the contrary, the surface of the beads became very much uneven and rougher when ZnO concentration was higher than TiO 2 as can be seen in Fig. 4b (before) .
Results and discussion
Characterization of immobilized beads
The SEM images of the beads were found to be markedly different after undergoing photocatalytic treatments. It can be noted that more white particles have became apparent and unevenly distributed on the surface of the CaAlg beads (Fig. 4a-c (after) ). These white particles would most likely be TiO 2 and ZnO particles, which may have been dislodged from the surface due to the stirring effect, and the distortion of the shape of the beads during the photocatalytic experiments. Thus, based on the obtained SEM images, the morphology of the fresh beads has appeared to be more wrinkled with visible pores compared to the after images.
Photocatalytic removal of Cu(II)
Bare CaAlg beads
The efficiency of bare CaAlg beads on the photocatalytic removal of Cu(II) in the presence of UV light was studied. Dark adsorption study was also performed to determine the capacity of bare CaAlg. Various concentrations viz. 10, 20, 40, 60, 70 and 80 ppm of Cu(II) were chosen for the investigation. It was determined that certain amount of Cu(II) that ranges between 4.9 and 42 ppm were removed under dark condition (Fig. 6) . Therefore, the contribution of adsorption by CaAlg cannot be ruled out in the removal of Cu(II). A steady increase of Cu(II) removal was found with increasing initial Cu(II) concentration, from 10 to 60 ppm in the presence of UV light (Fig. 6) . When the initial concentration of Cu(II) was increased to 70 ppm and 80 ppm, the amount of Cu(II) removed became almost constant. This is likely due to the saturation of Cu(II) cations, which limits the penetration of more cations when higher concentrations of Cu(II) are used. However, in the absence of any photocatalyst, the considerably high amount of Cu(II) removed could only be attributed to the natural adsorption capacity of the Alg, and not driven by photocatalytic activity. Alg has been studied for the removal of heavy metals, and is known to be a natural adsorbent (Lai et al., 2008) . Cu(II) removal by the blank CaAlg beads could also have been facilitated by the 'egg box junction' configuration of the alginates and the free carboxylic functional groups available as metal binding sites (Gok and Aytas, 2009 ).
Immobilized beads
Preliminary studies were carried out using single beads that were immobilized with TiO 2 (TiO 2 -CaAlg) or ZnO only (ZnOCaAlg), which then provided justification to explore hybrid photocatalyst. Fig. S2 shows the efficiency of the single beads in removing various initial Cu(II) concentrations. A similar trend was noted for bare CaAlg beads' removal efficiency. In fact, the performance of titania-CaAlg beads has been reported by Wu et al. (2012) for the removal of Cr(VI), Cd(II), Cr(III), Cu(II), and Co(II) from simulated wastewater. Based on these preliminary results and existing literature, beads immobilized with hybrid photocatalyst were explored further. Additionally, from the novelty perspective, this work would contribute in establishing new knowledge on hybrid composite beads.
Immobilized TiO 2 /ZnO-CaAlg beads that were prepared using three different mass ratios were used to remove various initial concentrations of Cu(II). As the recyclability of a photocatalyst plays an important role in actual water treatments, all composite beads were reused three times to investigate their efficiency and stability in removing Cu(II) of different concentrations. This approach distinguishes the present study from other relevant studies because the objective was not to recycle only the best performing or optimized beads. TiO 2 /ZnO-CaAlg beads used in the first cycle of Cu(II) removal was recovered via filtration and then washed, air-dried, and subsequently reused for the second cycle of Cu(II) removal using a new solution of Cu(II). Three cycles were performed to assess the reusability of the prepared TiO 2 /ZnOCaAlg beads. The amount of Cu(II) removed by the prepared composite beads after each cycle is depicted in Fig. 7a-c. In general, the amount of Cu(II) removed during the first cycle was higher than the amount removed during the second and third cycles (Fig. 7) . During the first cycle, the initial concentration of Cu(II) was increased from 10 to 70 ppm. It was found that the amount of Cu(II) removed using 1:1 mass ratio TiO 2 /Zn-CaAlg beads had steadily increased from 8 ppm to 65 ppm (Fig. 7a) . Nonetheless, when the initial Cu(II) concentration of 80 ppm was used, only 62 ppm of this metal was removed by the composite beads. For the non-equivalent mass ratio of TiO 2 /ZnO-CaAlg beads, TiO 2 :ZnO (2:1), the same trend was also observed during the first cycle of photocatalytic treatment (Fig. 7b) . As much as 52 ppm of Cu(II) was removed from the initial concentration of 70 ppm of Cu(II). Cu(II) removal was achieved at only 51 ppm from the initial 80 ppm of Cu(II). In the case the other non-equivalent mass ratio of TiO 2 :ZnO (1:2), deteriorating amount of Cu(II) removed was noticed after the initial concentration of 60 ppm of Cu(II) during all three cycles (Fig. 7c) .
All the immobilized beads used in the second and third cycles have demonstrated similar trends whereby the amount of Cu(II) removed had increased with increasing initial Cu(II) concentration from 10 ppm until 60 ppm and declined thereafter. The decline in the amount of Cu(II) removed at higher initial concentrations (60 to 80 ppm) could have been due to the saturated binding sites of the TiO 2 /ZnO-CaAlg beads, leaving a considerable amount of Cu(II) cations un-adsorbed. In general, the continuous reuse of TiO 2 /ZnO-CaAlg beads in the second and third cycle of the photocatalytic treatments has led to poor removal of Cu(II). A possible explanation is that, the beads have become saturated with the increasing Cu(II) concentration during each cycle. This condition has restricted Cu(II) cations from penetrating the pores of the beads. In addition, the efficiency of the beads might have been reduced due to loosely attached photocatalyst particles from the repeated washing and drying.
Complete removal of Cu(II) was not achieved under all investigated conditions of this study. This could be probably due to the non-uniformity of the beads used during the photocatalytic degradation study and the effect of beads uniformity in the removal of Cu(II) will be investigated in future studies. Furthermore, although the removal trends were almost similar for all ratios of prepared beads, the findings have suggested that the beads loaded with equivalent mass ratio of TiO 2 :ZnO (1:1) have shown better facilitation of Cu(II) removal compared to the other ratios of TiO 2 /ZnO-CaAlg beads. The TiO 2 /ZnO-CaAlg (1:1) composite beads seemed to be more consistent and promising, judging from the profile and amount of Cu(II) removed (Fig. 7a) . The conditions of these 1:1 TiO 2 / ZnO-CaAlgbeads have somehow enhanced Cu(II) removal, which simply means that a good cross-linking was established between Ca 2+ and Alg as well as the intact incorporation of similar amount of photocatalysts. Likewise, these beads have also removed higher amount of Cu(II) during the second and third cycles (Fig. 7a) compared to the other two ratios of immobilized beads (Fig. 7b and c) . Therefore, this implies that when the mass of either TiO 2 or ZnO was increased, the number of effective contact surface area of TiO 2 /ZnO decreases. The adsorption sites do not always increase proportionally to the concentration or mass of the photocatalysts. The adsorption capacity increases with the initial metal cation concentration up to an optimum limit. Furthermore, this study has strengthened the idea that when dealing with hybrid photocatalysts, the beads with equivalent mass ratio would be more cost effective for the removal of Cu(II) compared to the beads prepared using non-equivalent mass ratios under the investigated experimental conditions. Therefore, composite beads of TiO 2 /ZnOCaAlg (1:1) were chosen for further studies.
Effect of solution pH
In heterogeneous photocatalytic processes, pH has remained an intricate parameter due to its effect on the surface charge properties of the photocatalyst and the size of the aggregates (Malato et al., 2009) . Since the surfaces of TiO 2 and ZnO are amphoteric, it is necessary to study the effect of pH on the removal of Cu(II). Furthermore, solution pH can also affect the surface charge of the adsorbent and the speciation of heavy metals in water (Abdel-Ghani et al., 2015; Gupta and Gogate, 2016) . The effect of solution pH was studied using TiO 2 /ZnOCaAlg (1:1) beads and the initial Cu(II) concentration of 20 ppm. The pH of Cu(II) solutions were adjusted to values ranging from pH 3 to pH 9 prior to the photocatalytic experiments. 70.7% to 98.9% when the pH of the solution was increased from pH 3 to pH 7, but it slightly decreased to 96.4% at an initial pH of 9. The highest removal of Cu(II) at 98.9%, which was obtained at pH~7 could be attributed to the formation of precipitate, copper hydroxide (Cu(OH) 2 ) on the surface of the photocatalysts. Hence, it can be inferred that the high removal of Cu(II) at higher pH values (7 and 9) could be due to the hydrolysis of Cu cations and not exclusively by the effect of adsorption and photocatalysis. The formation of precipitates at higher pH has also been reported in the literature (Geetha et al., 2016; Gupta and Gogate, 2016) . Working at pH higher than 7 should be avoided to eliminate the effect of hydrolysis.
When the solution pH increases, more negative surface charge would become available and the electrostatic repulsion between the metal cations and the beads would decrease (Wu et al., 2010) . Therefore, the removal of Cu(II) would become more favourable (Fig. 8) . However, when the solution pH is low, the adsorbent surface becomes more positive and the removal of metal cations would be lowered.
During the experiments of the effect of pH, 2 hr of irradiation has induced slight pH increases, ranging from 0.5 to 0.9 pH units. Minimal pH changes that were encountered during these experiments have indicated the insignificant effect of pH in the overall Cu(II) removal efficiency. The recorded minor increases might be due to the change in the metal ion species and the release of Ca 2+ from the Alg beads as a result of depolymerisation. In contrast, previous studies that dealt with the degradation of organic compounds often encounter pH drops during photocatalytic treatments due to the release of inorganic and organic acids (Malato et al., 2009) as well as multiple degradation products with different acidic functional groups (Chong et al., 2010) . Dark adsorption (without UV) was studied with the following objectives: (i) to determine the extent of adsorption of Cu(II) on the beads, and (ii) the extent of the adsorption nature of Alg in removing Cu(II). The findings would aid to conclude the significance of the photocatalytic activity of the beads to remove Cu(II) in the presence of UV light.
The TiO 2 /ZnO-CaAlg beads that were loaded with different mass ratios of TiO 2 and ZnO were subjected to a dark adsorption study under different initial Cu(II) concentrations (Fig. 9) . In general, dark adsorption had increased with the increasing initial concentrations of Cu(II). It then levelled off for the initial concentrations of 60 ppm to 80 ppm (Fig. 9) . This result suggests that, almost half of the initial Cu(II) amount removed by the beads were enhanced by the adsorption of Cu(II) onto the surface of the beads, and also due to the nature of the Alg that has acted as an adsorbent. Therefore, the removal of Cu(II) is not solely driven by the adsorption capability of the CaAlg, it is also contributed by the photo-activation of the photocatalyst. The mechanisms of Cu(II) removal can be due to the following: (i) adsorption of Cu(II) onto the TiO 2 /ZnO-CaAlg beads, and (ii) reduction of Cu(II) by the TiO 2 /ZnO-CaAlg beads. Similar removal processes were also suggested by Kuang et al. (2015) for the removal of Cu(II) using calcium alginate-Ni/Fe nanoparticle.
Since TiO 2 /ZnO (1:1) has exhibited the best performance compared to the other ratios, this ratio was applied for a comparison study of Cu(II) removal efficiency between the suspension form and the immobilized form using the initial concentration of Cu(II) of 60 ppm. Fig. 10 compares the removal efficiency of Cu(II) using the immobilized and suspended photocatalysts. The differences in their Cu(II) removal efficiencies have remained trivial, suggesting that the immobilized form has performed as good as the suspended form. It was concluded that the immobilized beads offered a better option for the removal of Cu(II) from an aqueous solution since the beads can be easily recovered after treatments.
The efficiency of TiO 2 /ZnO-CaAlg beads in removing Cu(II) from aqueous solutions may be linked to two reasons: (i) the adsorption of metal cations onto the surface of the CaAlg beads, and (ii) photo-activation of the photocatalyst when illuminated with UV light of equivalent or greater than its band gap energy (E g ) (λ < 387 nm), which aids in the reduction of metal ions from a higher oxidation state to a lower oxidation state. Upon illumination, electron-hole pairs (e formed (Reactions (3)- (7)). The essential steps involved in the photocatalytic degradation includes:
The positive holes are strong oxidants and the combination of holes with water or hydroxyl ions will form hydroxyl radicals, HOU, another powerful oxidizing agent (Eqs. (3)- (6)). Cu(II) cations could be adsorbed onto the surface of the CaAlg, and eventually be photo-reduced to Cu 0 , the elemental form of Cu (Eq. (7)). Fig. 11 shows the proposed reduction mechanism by the composite beads. Since synergistic interactions, adsorption and photocatalysis have been proposed as the main steps in the removal of Cu(II), the immobilized composite beads could remove Cu(II) by means of the "adsorb and reduce" concept.
Conclusions
Alg that has been cross-linked with Ca 2+ ions, was embedded with three different mass ratios of TiO 2 :ZnO, viz. 1:1, 1:2 and 2:1. The prepared TiO 2 /ZnO-CaAlg beads were employed for the removal of Cu(II) in aqueous solutions using UV light. From the obtained Cu(II) removal profiles, all three ratios of immobilized composite beads have performed better than the bare CaAlg beads. Nonetheless, continuous usage of the beads has led to progressive declines in their performances. This study has revealed that TiO 2 /ZnO-CaAlg beads incorporated with 1:1 mass ratio of TiO 2 :ZnO have yielded the highest removal of Cu(II). It has also demonstrated its stability when continuously subjected to photocatalytic degradations. The amount of Cu(II) removed had increased gradually with the initial concentration of 10 ppm, and then, reached the maximum removal capacity at the initial concentration of 70 ppm. Adsorption has enhanced the removal of Cu(II) based on the substantial amount of Cu(II) adsorbed onto the surface of the immobilized composite beads. The results from this study suggest that the prepared dual-functionality "adsorb and reduce" composite beads can ease recovery and be used as an effective tool for treating water contaminated with heavy metals.
